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Longitudinal electric current in classical collisional Maxwellian 
plasma, inducted by transversal electromagnetic wave 


A. V. Latyshev§ and A. A. Yushkanov§ 


Abstract 

Kinetic Vlasov equation for collisional Maxwellian plasmas is used. Collision 
integral of BGK (Bliatnagar, Gross and Krook) type is applied. From Vlasov equation 
we find distribution function of electrons in square-law approximation on size of 
transversal electric field. The formula for electric current calculation is deduced. 
This formula contains an one-dimensional quadrature. It is shown, that nonlinearity 
leads to revealing of the longitudinal electric current directed along a wave vector. 
This longitudinal current is perpendicular to known so-called transversal classical 
current. The classical current turns out at the linear analysis. The longitudinal 
current in case of small values of wave numbers is calculated. When frequency of 
collisions tends to zero, all received formulas for collisional plasmas pass in the known 
corresponding results for collisionless plasmas. Graphic research of dimensionless 
density of a current is carried out. 


INTRODUCTION 

B HacT05imeH pa6oTe bbiboahtch (JiopiviyjiBi bbithcjibkhsi sjieKTpHTe- 
CKoro TOKa b MaKCBejuiOBCKoft CTOJiKHOBHTejiBHoii njiasMe. B KanecTBe hh- 
Terpajia CTOJiKHOBeHHii HcnojibsyeTCsi HSBecTHbift HHTerpaji CTOJiKHOBeHHH 
BBK (BxaTHarap, Bpocc h Kpyx) (cm., [I] h |I2]). 

ripH pemcHHH KHKCTHTecKoro ypaBHCHHsi BjiacoBa, onncbiBaioinero no- 
Be^TCHHe njiasMbi, mbi yTHTbrnacM bcjihthhbi, nponoppHOHajiBHbie KBa^paTy 
Hanp5i>KeHHOCTH BHcniHero sjieKTpHTCCKoro noji5i. IlpH stom mbi HcnojibsycM 
KBa^TpaTHTHbie pasjio^KCHHH 4)yHKii,HH pacnpeflejieHH5i, caMOCorjiacoBaHHoro 
sjiCKTpoMarHHTHoro noji5i H HHTcrpajia ctojikhobchhh. 

ripH TaKOM HejIHHCHHOM nOflXOflC OKaSajIOCb, TTO SJieKTpHTeCKHH TOK HMC- 
CT flBC HCHyjieBBie KOMnOHCHTBI. OflHa KOMnOHCHTa SJICKTpHTeCKOrO TOKa Ha- 
npabjiCHa b^ojib HanpaxccHHOCTH ojicrtphtcckoto noji5i h nponoppHOHajiBHa 
ero BCJiHTHHe. 3Ta KOMnoHCHTa sjieKTpHTecKoro tokb b tothocth Ta xce ca- 
Ma5i, TTO H B jiHHCHHOM anajiHsc. 3to ''nonepeTHbffl" tok. CjicflOBaTCJibHO, b 
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jiHHeHHOM anajiHse mbi nojiy^aeM HSBecTHoe Bbipa>KeHHe nonepe^Horo sjibk- 
TpHHecKoro TOKa. 

BTopaa HenyjieBaa KOMnoneHTa sjieKTpHHecKoro TOKa HMeeT BTopoii no- 
p5iflOK MajiocTH OTHOCHTejiBHO Hanp5i>KeHHOCTH sjieKTpHHecKOBO TOKa H npo- 
noppHOHajiBHa ero KBa^paTy. BTopasi KOMnoneHTa ojieKTpHKecKoro TOKa na- 
npaBjiena b^ojib bojihoboto BOKTopa nepnenflHKyjisipHO Hanp5i>KeHHOCTH ojiok- 
TpHKecKoro nojiH. 3 tot tok opToroHajien nepBoii KOMnoneHTe TOKa. 3 to 
'' npOflOJIBHBlft'' TOK. 

FeHepHpoBaHHe b njiasivie npoflOJiBHoro TOKa nonepoKHBiM ojieKTpoiviar- 
HHTHBIM nOJIOM BBI5IBJI5ieTC5I HejIHHeHHBIM aHajIHSOM BSaHMOflOHCTBHSI OJIOK- 
TpoMarHHTHoro noji5i c njiasMoii. 

HejIHHOHHBie 34)4)eKTBI B njiaSMO H3yKaK)TC5I flJIHTejIBHOe BpeM5I |3|-|Z| 

B pa6oTe |E] HejiHHeHHBiH tok 6biji HcnojiBSOBan, b KacTHOCTH, b Bonpocax 
Bepo5iTHOCTH pacnaflHBix npopeccoB. SaMOTHM, kto b pa6oTe [Ij OTMeneHO 
cymecTBOBaHHe HejiHHeHHoro tokb b^ojib bojihoboto BOKTopa (cm. cJiopMyjia 
( 2 . 9 ) H 3 jlj). 

KBaHTOBan njia3Ma hhtchchbho HBynajiacB b nocjieflHHC flccHTHjiCTHH (cm., 
HanpHMcp, 0 - H). CTOJIKHOBHTCJIBHaH KBaHTOBaH HJiaBMa HaHajia H3y- 

HaTBCH B paGoTC [IS]. SaTCM KBaHTOBan CTOJiKHOBHTejiBHan njia3Ma HByna- 
jiacB B HaniHx paGoTax [El - B 3THX paGoTax HBynajiacB KBaHTOBan 
CTOJIKHOBHTCJIBHaH HJiaBMa C npOH3BOJIBHOH nCpCMCHHOH HaCTOTOH CTOJIKHO- 
BCHHH. 

B paGoTax [ 21 ] - [ 23 ] Gbijio HCCJiCflOBano rcHcpHpoBaHHe npoflOJiBHoro 
TOKa nOnepCHHBIM OJICKTpOMarHHTHBIM nOJICM OJICKTpOMarHHTHBIM nOJICM B 
KJiaCCHHCCKOH H KBaHTOBOH HJiaOMC OcpMH—^HpaKB [21], B MaKCBCJIJIOBCKOH 
HJiaOMC [22] H B BBipOXCflCHHOH HJiaOMC [ 23 ] . 

B HacTonmcH paGoTC bbibcachbi cJiopMyjiBi fljiH bbihhcjichhh npoflOJiBHoro 
TOKa, rcHepHpycMoro nonepcHHBiM ojiCKTpoMarHHTHBiM hojicm, b mbkcbcji- 
JIOBCKOH CTOJIKHOBHTCJIBHOH HJiaOMC. 

1 PEIIIEHME yPABHEHMa BJIACOBA 

riOKaXCCM, HTO B MaKCBCJIJIOBCKOH HJiaOMC, OHHCBIBaCMOH ypaBHCHHCM Bjia- 
coBa, rcHcpHpycTCH npoflOJiBHBiii tok nonepcHHBiM ojicktphhcckhm hojicm h 
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BbiHHCJiHM ero njioTHOCTb. Ha cymecTbObaHHe SToro TOKa yKasbibajiocb 6 o- 
jiee nojiybexa Toiviy nasafl |[4|. 

BosbMeM ypabHeHHe Bjiacoba, onncbibaioinee nobeflenne CTOJiKHObHTejib- 
HOH njiasMbi c HHTerpajiOM CTOJiKHObeHHii BFK (BxaTHarap, Fpocc h Kpyx) 

| + v| + e(E + i[v.H])| = .(/<“>-/). (1.1) 


B ypabneHHH (FI) / - 4 )yHKii,H 5 i pacnpeflejieHH 5 i sjieKTpoHOb njiasMbi, 
E, H - KOMnoHeHTbi sjieKTpoiviarHHTHoro noji 5 i, c - CKopocTb cbeTa, p = mv 
HMnyjIbC SJieKTpOHOb, V - CKOpOCTb SJieKTpOHOb, V - 34 ) 4 )eKTHbHa 5 I HaCTO- 
Ta CTOJiKHObeHHii sjieKTpoHOB c HacTHpaMH HjiasMbi, = /eg(r, h) (eq = 
equilibrium) - jiOKajibHO pabHObecHau cJiynKpHu pacnpeflejieHHu MaKCbejuia— 
BojibpMaua, 


feq{r,v) = Vj^^TT 


exp 


— ) 

ksTJ’ 


£ = mv‘^/2 - SHeprHH sjieKTpoHOb, ks - nocTOUHnau BojiupMana, T - ueivi- 

P V 

nepauypa njiasMbi, P = — = — - bespasiviepHbiH HMnyjibc (cKopocTb 

Pt vt 

sjieKTpoHOb, pt = mvT, vt - Tenjiobau CKopocTb sjieKTpoHOb, 


Vt 


'2kBT 


ksT = 8 ,t = 


mv. 


T 


m 2 

- Tenjiobau snepruH sjieKTpoHOb. 

PabHObecHau cJiynKpun pacnpeflejieHHu objia^aeT cboiicTbOM (nopMupob- 
Ka Ha uHCJiObyK) hjiuthocth) 

Byq,eM cuHTaTb, uto b njiasivie HMeeTCu sjieKTpoMarHHTHoe nojie, npeq,- 
CTabjiHiomee coboii beryipyio rapMOHHuecKyio bojiny 


9 jieKTpHuecKoe h MarnnuHoe hojih cbusanbi Mexc^y coboii beKTopnbiM 
HOTenpHajiOM cjieflyK)iH,HMH pabeHCTbaiviH 

1 dA 

E =-—, H = rotA. 

c dt 
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onpeflejieHHOCTH Gy^eivi CHHTaTb, hto bojihoboh bbktop nanpaBjieH 
BflOJiB ocH x, B sjieKTpHHecKoe nojie HanpaBjieHO b^ojib och T.e. 

k = A:(l,0, 0), 'E = Ey{x,t){0,l,0). 

C jie^OBaTe jiBHO, 

^ 1 dA icu ^ 

ck ck 

H = —Ey ■ (0, 0, 1), [v, H] = —Ey ■ {Vy, - V , 0), 

CO CO 


efE + -[v,HlW = -£;, 


kvy-^- + (cj — kvx) 


dpy. 


a TaK>Ke 


dp CO ^ dp, 

XJI^/O n ^/O 

= 0, TaK KaK ~ V. 

ap ap 

PaccMOTpHM jiHHeapHsapHK) jioKajiBHO paBHOBecHoii 4)yHKii,HH pacnpefle- 
JieHH5I 


/e,(P,x) = /o(P) + /o(P) 


5N 

W'' 


Bfle 


/o(P) = VT^TT-^^^Nexp ( 


N 


-p^ 


ksT J 

N{x, t) = N + 6N{x, t), N = const . 
ypaBHCHHe (1.1) MO>KeT 6biTb nepenncano b bh^c 


df df eEy 

+«xy-+ " 


dt dx CO i dp. 


kvy^- + (w - kvx) 


dpy\ 


+ Pf = 


= i'h(P) + dEf,{,P). 


( 1 . 2 ) 


BejiHHHHa 6N/N MO>KeT Sbitb Haftflena ns saKona coxpaHCHHn nncjia na- 

CTHI], 

J{feq - f)d^v = 0. 

Ms OToro saKona coxpaneHHn mbi nojiynaeivi 

Ea(P)d\= ((f-h(P))d\. 


N 
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Ms SToro ypaBHeHH5i nojiynaeivi, hto 


SN= (f- h[P))d\ = 4 / (/ - h[P))d^P- 


ypaBHenne (1.2) MO>KeT 6 bitb npeoSpasoBano Tenepb k HHTerpajiBHOiviy 
ypaBHeHHK) 


df , f 


h h 

kv,i- - h (cj — KVx) 


dpy\ 


+ 


+’'fo(P)§ /[/ - MP)]d^P 

ByfleM HCKaTb pemeHHe ypaBHeHH5i (1.3) b BH^e 

/ = fo{P) + /i + /2, 


(1.3) 


(1.4) 


rfle 


/i ~ ~ 


pi(kx—Lot) 


f2 Ey E 

ByfleM fleiicTBOBaTb ivieTOflOM nocjieflOBaTejiBHbix npH6jiH>KeHHH, CHHTasi 
MajibiM napaivieTpoM BejiHHHHy Hanp5i>KeHHOCTH sjieKTpHHecKoro noji5i. Ypab- 
HeHHe (1.3) c noMombK) (1.4) Tenepb mo>kho nepenncaTb b Bn^e: 

5(/i + /2) , d{h + h) 


dt 


+ 


dx 


eE„ 


UJ 


kv,!MEl±lA + (^ _ 


+ + / 2 ) = 

d{k{P) + h) 


dpa 


dp. 


+ 


Vn 


P^fo(P)^ l[flEf2]d^P 


(1.3') 


Tenepb ypabnenne (1.3) SKBHBajienTno cjieflyK)m,nM flByM ypabnennnM 

dfi , dh 


dt 


+ V. 


eE„ 


UJ 


^ + (w — kvx) 


X o 

OX 

9MP) 


n 


dpx dpy 

df2 , df2 


+ = 

+ j M^P- (1.5) 


dt 


+ V, 


dx 


+ T^f2 = 


5 























( 1 . 6 ) 


UJ 


h 


kv^) 


dpy 


Vn 


+ ^MP)^ 


h£p. 


Ms ypaBHeHH5i (1.5) nojiynaeM 

{u -iu^ ikvx)fi = 




UJ 




dpa 


dpy 


Vn 


+ uMP)^A,. 


S^ecb 


Ai = J h<ep. 

BBe^eM GespasMepHBie napaivieTpBi 


(1.7) 


n = 


UJ 


V 


k^VT 


y = 


k^VT 


q = 


A 

kx 


Sflecb q GespasMepHoe bojihobob hhcjio, kx = 


mvx 


h 


- TenjiOBoe bojihobob 


HHCJio, Q - GBspasMBpHaH HacTOTa KOJiBGaHHii sjiBKTpoiviarHHTHoro nojia. 
B npBflbIflymBM ypaBHBHHH nBpBHflBM K GBSpaSMBpHbIM napaMBTpaM 


eE„ 


Qkxpxvx 

3ppch 

SaMBTHM, HTO 


i{qPj: - z)fi = 

qPy^^^ + (Q - qP:,)^^^ 
^ y dP. ^ ^ ’ dPy 

UJ + iy 

kxVx 

dfo{P) 

dP, 


Vn 


+ yMP)^Ax ( 1 . 8 ) 


z = ft + iy = 


dfo{P) 

dPn. 


P. 


Xi 


~ Py. 


CjIBflOBaTBJIBHO 


,P,2«a 


dP^ 


dP, 


= n 


dfo{P) 


dP, 


TbBBPB H 3 ypaBHBHH 5 I (1.8) HaXOflHM, HTO 

leEy dfo/dPy . 4 fo{P) 


fl = 


■ 


kxPxVx qPx- z N qPx - z 


■Ml. 


(1.9) 
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noflCTaBji5i5i (1.9) B ypaBHeHHe (1.7), nojiyHaeivi paBencTBO 


All l + iy 


V. 


_T_ 

N 


k(P)<PP \ ^ iePy r 

qPi - ^ J krPrVT J qPx - z 


JlerKO BH^eTb, hto HHTerpaji b npaBOii hbcth stobo paBencTBa paBen ny- 
jiK). Cjie^OBaTejiBHO, Ai = 0. CjieflOBaTejibHO, corjiacHO (1.9) 4)yHKii,H5i fi 
nocTpoena h onpefleji5ieTC5i paBencTBOM 

leEy dfo/dPy 


fl = 


( 1 . 10 ) 


krPTVT qPx - z 

Bo BTopoM npH6jiH>KeHHH noflCTaBHM fi corjiacHO (1.10) B ypaBHOKHe 
( 1 . 6 ). 

llojiyHHM ypaBHOKHe 




krPTVT^ 


S^ecb 


V — 2iuj + 2ikvx)f2 = 


A ( Sfo/^Py ) + (^_kv )-2- 

. ’'dpx\qPx-z) “dpy\qPx-z) 

+^MP)^A,. 


.42 = / f2d^P 


+ 


( 1 . 11 ) 


HepeftfleM b stom ypaBHOHHH k SespasiviepHbiM napaMOTpaivi. IlojiyHHM 
ypaBHOKHe 


2 i{qPx -X - y )/2 = 


i^-El 


Qk‘^p‘^v‘^ 




dP^ \qP^- zJ 


Vn 


+yfo{P)^A,. 


06 o 3 HaHHM 


.' = n + ^ = 


id U 

+ 


2 kxVT 2kTVT 
Ms nocjie^Hero ypaBHeHH5i naxo^HM 


uj + ZZ //2 
kxVT 


h = 


d-El 


2k^p‘^v‘^Q 


qP, 


d fdfo/dPy\ n-qP^d^fi 


_0 

dP,\qP,-z) ^ qP,-zdP^ 


1 


+ 


qPx - z' 
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iy fo{P) 


2 NqP^-z'^^' 

Haxo>KfleHH5i A 2 noflCTaBHM (1.12) B (1.11). Ms nojiyHeHHoro coot- 

HOmeHHH HaXOflHM A 2 


An — 


e^El 


J, 


2k^p^v‘^Q, iyv^ 

^ + iN^o 


Sflecb 


Jn = 


fo{P)d^P 

qPx - P '' 


Ji = 


d ^ dfQ/dPy \ n - qP^ d^fo 
^ ^dPx \qPx - z) qPx- z dP^ 


d^P 


qPx - z' 

nOflCTaBJI5I5I A2 B (1.12), OKOHHaTejIBHO HaXOflHM /2 B 5IBHOM BHfle 


/2 = 


e^E^, 


2k‘^p^v^Q, 


d / dfo/dPy \ ^ n - qP^ d‘^f( 


dPx \qPx- z) qPx- z dP^ 


1 


qPx - z' 


+7 




. 7 . /o(-P) 

2k‘ip^v‘i^ N qPx — z' 


Sflecb 


7 


{iy/2)Ji 


lp{iy/2){vyN)J^- 


(1.13) 


(1.14) 


2 nJlOTHOCTb 3JlEKTPMHECK0r0 TOKA 


HafifleM njioTHOCTb sjieKTpHHecKoro Toxa 

j = e / \fd?v. 


( 2 . 1 ) 


Ms paBencTB (1.4) - (1.6) bh^ho, hto BexTop njiOTHOCTH Toxa HMeeT ^Be 
XOMnOHeHTbl 

j ~ {jxi jyi 0). 

Sflecb jy - njiOTHOCTb nonepexHoro TOxa, 


Jy = e / Vyfd^v = e / Vyfid^v, 






















HJIH 


jy = e j VyfiSv = evT j Pyfid^P. 

3tot tok HanpaBjieH B^ojib sjieKTpHHecKoro noji5i, ero njiOTHOCTb onpe- 
fleji5ieTC5i TOJiBKO nepBbiM npH6jiH>KeHHeM 4)yHKLi,HH pacnpeflejieHHH. 

BTopoe npH6jiH>KeHHe 4)yHKii,HH pacnpe^ejieHsi ne bhocht BKjiafl b njiOT- 
HOCTb TOKa. 

rijiOTHOCTb nonepeHHoro TOKa onpefleji5ieTC5i paBencTBOM 


h 


■ 9 

le V 




krPT J qPx- z 

9tot tok nponoppHOHajiOH nepBoft CTeneHH BejiHKHHbi Hanp5i>KeHHOCTH 
sjieKTpHKecKoro noji5i. 

njiOTHOCTH npoflOJiBHoro TOKa no ero onpeflenennio HMeeivi 

jx = e J v^fSv = e j v^f 2 d^v = ev^ J Pxf 2 d^P- 

C noMOipbK) (1.13) OTCKDfla nojiynaeivi 

X - qP^ 9 Vo 


Jx 


2k‘^p^^ 


[ p 3 i dh/dp, ^ 

J ^ ’'dPPqP.-z) 


+ 


qP,-z dP^ 


P^d^P 

qPx - z' 


vh 


+7— 

^ N 


Pxfo{P)d^P 


( 2 . 2 ) 


qPx - z' 

B HHTerpajie ot BToporo cjiaraeivioro ns KBa^paTHbix cko6ok (2.2) BnyT- 
peHHHH HHTerpaji no Py panen nyjiio 

Py=-\-00 


OO 


apr " “ dp, 


— OO 


= 0 . 


Py = — 00 


B nepBOM nnTerpajie ns KBaflpaTBbix cko6ok (2.2) BnyTpennnn nnTerpaji 
no Px BbinncjineTcn no nacTnivi 

OO OO 

dfo/dPy 


r d ( dfo/dPy ^ PxdPx f 

J dPx \ qPx - z ) qPx - z' ^ J 


— OO 


{qPx - z){qPx - z'Y 
CjieflOBaTejibno, panencTBO (2.2) ynpoipaeTcn 

Py(dfoldPy)d^P 


dP^. 


Jx — 


e^Elvl 

2k^p^Q 


z'q 


{qPx - z){qPx - z'Y 
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Vn 




PJo{P)d^P 


N J qPx- z' 

BnyTpeHHHH HHTerpaji no nepeMennon Py BbinncjiHM no nacTnM 

Py=-\-00 oo 


OO 


= Pyf» 


— OO 


oo 


Py— OO _00 


- j MP)dP, = - j MP)dP,. 


— OO 


Cjie^OBaTejibno, nojiynnivi Bbipancenne ^Jin npoflojinnoro Tona 


Jx 


2k‘^p^U 


z q 


fo{P)d^P 


V 


T 


(qP, - z)(qP, - z'Y N 


PJoiP'jd^P 

qPx - z' 


. (2.3) 


BHyTpeHHuS iiHTerpaji b njiocKOCTH (Py, Py) paBen: 


h{P)d^P 


OO 


dP^ 


OO oo 


[qPx - z){qPx - z'Y J {qPx - z){qPx - z 


j j h(p)dp,dp, = 


— OO —oo 


N 


e-PdPx N , 

7\2 = 


Bfle 


J {qPx - z){qPx - z'Y Vj. 

—oo 

oo 

1 f e~^^dP 
" A / (qP. - z){qpl - z'f 

— OO 


KpoMe Toro, 


OO 


OO 


V 


=* f PMP)d?P 4 f PMP.)dPr 1 f e--‘TdT 


N J qP^-z' N 

OGosnannM 


TT 


qPx - z' J qr - z' 

— OO 


I f e rdr 

'tt J qr — z' 


PaBoncTBO ( 2 . 3 ) cbOflHTcn k cjie,i],yK)m,eMy 


e^EyT 

“ 2 A: 2 p 2 Q 


N 

zq—Ji2 + 7J02 


n- 


T 


(2.4) 
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BepneMCH k paccMOTpeHHio BejiHHHHbi 7 . Bbihhcjihm HHTerpajibi, bxoflH- 
TTT be b (1.14). BbiHHCJiHM nepbbiH HHTerpaji: 


7 = f Lp ^ ( 9fo/dPy \ X - qP:, d‘^f( 

' J ^dPSqP,-z)^ qP,-zdPy^ 


Sp 


qPx - P 


KaK y>Ke yKasbmajiocb, HHTerpaji ot bToporo cjiaraeivioro paben Hyjiio. Bto- 
poH HHTerpaji KaK h panee bbihhcjihm ho nacTHM. B pesyjibTaTe nojiynaeM: 

7 =n [p ^ ( ^fo/^Py \ _ 

^ ^ J ^dPx \qP:, - z) qPx - z' 


= q 


Py[dfo/dPy]d^P 


{qP^ - z){qP^ - z'Y' 

Tenepb bbihhcjihm ho nacTHM BHyTpeHHHH HHTerpaji no nepeMennoH Py. B 
pesyjibTaTe nojiynaeM: 

^ , f MP)d^P 

’ ^ J iqPx - z)(qPx - z’ f 

9tot HHTerpaji 6biji bbiHHCJien panee. CjieflObaTejibHO, 


Ji = -q^ 


N 


00 


'dr 


N 


J [qr — z){qT — z') 


pp- ~q 


V. 


T 


BbiHHCJiHM bTopoH HHTerpaji H3 (1.14). HivieeM: 


Jo = 

C jieflObaTejibHO, 


N 




dP^ 


h(P)SP _ _ 

qPx-z' J qPx-z'' 


^ dr 


1 , '^y'^T 7 _ 1 , 1 f ^ 


OO 00 ^ 00 

r e-^ dr 


= 1 1 . - . -^ 

pr J 2 ^Jr J qr - z' J qr - z' 


1 f qr — ^ _ 
e 


dr. 


TaKHM o6pa30M, KOHCTanTa 7 HaHflena: 
























rfle 




J qr — z' 

— OO 

Tenepb 4)opMyjiy (2.4) mo>kho npeflCTaBHTb b BH^e: 

. _ ^ ^1 j 

2k^p‘^VT^ - 2 2^Joi- 


(2.5) 


B Bbipa>KeHHH nepefl HHTerpajiOM h 3 (2.4) BbiflejiHM njiasMenHyio (jienr- 
MiopoBCKyio) HaCTOTy 


/ 4:7Te^N 


UJr 


m 


riojiyHHM 


■ long _ 
Jx 


/ eQp X kEy 

ykTPT^ 8 ttQ 


<2 „ 


O , ^ 2 / W J02 

y H- q — 

2 2 Voi 


Jl2, 


(2.5) 


r^e 


Q _ _ flLUp 

^ krVT mv^ 

- 6e3pa3MepHa55 njia3MeHHa5i HacTOTa. 

PaBencTBO (2.5) nepennineM b BH^e 

4 °°® = J{^,V,q)<yi,trkEl, 


( 2 . 6 ) 


r^e (Ji^tr npoflOJiBHO-nonepeHHasi npoBOflHMOCTb, J{fl,y,q) - 6e3pa3MepHa5i 
HacTb TOKa, 


^l,tr — 


eOp eh / hhjp \ 2 e / cjp \ 2 
pxkx p‘^\mv‘^J kTPT^kxVT^ ’ 


J{kl,y,q) = 


1 


Stt^I - 

Ecjih BBecTH nonepeHHoe nojie 


y H- q — 

2 2 V 01 J 


Jl2- 


Etr = E 


k(Ek) ^ ^ _ q(Eq) 


UJ 


q‘" c 


k2 r,2 

TO paBOHCTBO (2.6) npeflCTaBHM B HHBapHaHTHOft 4)OpMe 
pong _ 


kE,, = -[E,H 


j‘””S = J(0, y, g)<7,,,,kE?, = 7(0, y, g)c7,,,,^[E, H], 
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Samemahhe 1. Ms 4)opMyjibi (2.5) (hjih (2.6)) bh^ho, hto npn y = 0 
(hjih ly = 0) T.e. Kor^a HacTOTa CTOJiKHOBeHHii CTpeMHTC5i k Hyjiio h njias- 
Ma CTaHOBHTC5I 6eCCTOJIKHOBHTejIBHOH [z — >■ Q, z' — )> il), 3Ta 4)OpMyjia B 
TOHHOCTH nepexoflHT B cooTBeTCTByioinyK) 4)opMyjiy hs pa6oTBi m 6ec- 
CTOJIKHOBHTejIBHOH HJiaSMBI 


■ long _ 
Jx 


00 



— 00 


e 

{qr — 


MepeiifleM k paccMOTpenHio cjiy^asi MajiBix SHaHenHii bojihobbix hhcbji. 
Hs BBipa>KeHH5i (2.5) npn MajiBix snaHenHsix bojihobbix hhcoji nojiynaoM 


long 


m^trkE^ 

SttQzz' 




(LUp 


Sttitiuj V UJ 


8ttQ{Q + iy){^ + -^) 

kEl 


V 

1 — i— 

UJ 


V 

1 — i— 
2uj 


SAMEHAHHE 2. MpH 1 / = 0 HS STOii cJlOpMyjIBI B TOHHOCTH BBITOKaOT 
cooTBOTCTByiomaH (]3opMyjia HS [22] npoflOJiBHoro tokh b cjiynae MajiBix 

SHaHeHHH BOJIHOBBIX HHCOJI B GOCCTOJIKHOBHTOJIBHOH HJiaSMBI. 


3 3AKJ1K)HEHME 

Ha pHC. 1 H 2 npOflCTaBHM nOBeflOHne flOHCTBHTOJIBHOH (pHC. 1) H MHHMOH 
(pHC. 2) HacTOH HjiOTHOCTH 6 espasMepHoro npoflOJiBHoro TOKa npn H = 1 b 
SaBHCHMOCTH OT GoSpaSMOpHOBO BOJIHOBOBO HHCJia q HpH paSJIHHHBIX SHaHO- 
HHHX GeSpaSMOpHOH HaCTOTBI CTOJIKHOBOHHH. HpH MajIBIX H 60 JIBHIHX SHaHO- 

HHHX napaMOTpa q kphbbio 1,2 r 3 cGjiHxcaiOTCH h CTaHOBHTCH nepasjiHHH- 

MBIMH (pHC. 1). ^OHCTBHTOJIBHaH HaCTB HMOOT CHaHajia MHHHMyM, a SaTOM 
MaKCHMyM. MHHMaH HaCTB HJIOTHOCTH TOKH HMOOT OflHH MHKCHMyM. HpH 
BOspacTaHHH q kphbbio 1,2 r 3 cGjiHxcaiOTCH h cthhobsitch hophsjihhhmbimh 
(pHC. 2). 

Ha pHC. 3 H 4 npoflCTaBHM noBOflonno aohctbhtojibhoh (pnc. 3) h mhhmoh 

(pHC. 4) HaCTOH HJIOTHOCTH HpOflOJIBHOTO TOKH B SaBHCHMOCTH OT 60 SpaSM 0 p- 
HBIX BOJIHOBBIX HHCOJI q B CJiyHaO H = 1 HpH paSJIHHHBIX SHHHOHHHX 6 oSpaS- 
MopHoii HacTOTBi KOJio 6 aHHH sjiOKTpoMarHHTHoro HOJiH B cjiynao y = 0.01. 
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ripH GojibniHx 3HaHeHH5ix 6e3pa3MepHoro BOJiHOBoro HHCJia KpHBbie 1,2 vl 3 
c6jIH>KaK)TC5I H CTaHOB5ITC5I Hepa3JIHHHMbIMH. 

Ha pHC. 5 H 6 npeflCTaBHM noBeflenne fleiiCTBHTejibHOH (pnc. 5) h mhhmoh 
(pHC. 6) HacTeii njioTHOCTH npoflOJiBHoro Toxa b 3aBHCHMOCTH OT 6e3pa3Mep- 
HOH xacTOTbi KOJie6aHHH sjieKTpoMarHHTHoro noji5i b cjiyxae y = 0.01. 
HpH B03pacTaHHH 6e3pa3MepHoro bojihobobo xHCJia q fleiicTBHTejibHbie xa- 
CTH njiOTHOCTH TOKa c6jiH>KaK)TC5i H npaKTHxecKH coBnaflaiOT (pHC. 5). Hpn 
MajIbIX H OojIbniHX BHaxeHHSIX bojihobobo HHCJia MHHMbie HaCTH HJIOTHOCTH 
TOKa cOjIHHCaiOTCH H B HpeflOJie CTaHOBHTCH HepaOJIHHHMblMH (pHC. 6). 

B HacTOHipeH paOoTO paccMOTpoHO bjihhhho HejiHHOHHOBO xapaKTopa B3a- 
HMOflOHCTBHH SJIOKTpOMaBHHTHOBO HOJIH C KJiaCCHHeCKOH CTOJIKHOBBTOJIBHOH 
MaKCBOJUIOBCKOH HJiaOMOH. 

OKaOajIOCb, HTO HajIHHHO HejIHHeilHOCTH SJieKTpOlViaBHHTHOBO nOJIH npH- 
BOflHT K BOHepHpOBaHHK) SJIOKTpHHeCKOBO TOKa, OpTOBOHajIbHOBO K HanpaB- 
JIOHHK) nOJIH. 

B flajiBHeiimeM aBTopbi HaiviepeHbi paccMOTpoTb oaflany njiaoMOHHbix ko- 
jieOaHHH H oaflany o CKHH-scJicJieKTe c HcnojibooBaHHeivi KBa^paTa boktophobo 
noTOHpHajia b paojioxceHHH cJiyHKpHH pacnpeflOJieHHH. 
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Phc. 1. ^eiicTBHTejiBHaa nacTb hjigthocth GespasMepnoro npofloJibHoro xoKa, = 1. 
KpHBbie 1,2,3 oTBenaioT sHaneHnaM GespasMepHoft aacTOTbi cxojiKHOBeHHH 

y = 0.001,0.01,0.05. 



Phc. 2. MHHMaa aacxB hjioxhocxh GeapasMepHoro npo;];ojiBHoro xoKa, = 1. KpHBBie 
1, 2, 3 oxBeaaiox sHaHeHHHM GeapasMepHoit aacxoxbi cxojiKHOBeHHii y = 0.001, 0.01, 0.05. 
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Phc. 3. ^eiicTBHTejiBHaa nacTt. iijiothocth GeapaaMepnoro npo^ojitHoro TOKa, y = 0.01. 
KpHBbie 1,2,3 oTBenaioT aHanenHaM OeapaaMepHoit aacTOTbi KOJieOanHH 
ajieKxpoMarHHTHoro nojia 11 = 0.1,0.12,0.15. 



Phc. 4. MnniviaH nacTb hjigthocth GeapaaMepHoro npoflojibHoro TOKa, y = 0.01. KpHBbie 
1,2,3 oTBenaioT aHaneHnaivi GeapaaMepHoft aacTOTbi KOJieGaHHH saeKTpoMarHHTHoro 

noaa H = 0.1,0.12,0.15. 


16 














Phc. 5. ^eficTBHTejiBHaa nacTt njioTHocxH GeapaaMepnoro npo^ojitHoro TOKa, y = 0.01. 
KpHBbie 1,2,3 oTBenaioT aHaneHnaM GeapaaMepHoit aacTOTbi KojieGaHHfi 
sjieKTpoMarHHTHoro nojia H = 1,1.1,1.2. 



Phc. 6. MnHMaa hhctb hjiothocth GeapaaMepHoro iipo^ojiBHoro TOKa, y = 0.01. KpHBbie 
1,2,3 oTBenaioT aHaneHHHM GeapaaMepHOH nacTOTbi KojieGaHHH sjieKxpoMarHHTHoro 

HOJia = 1,1.1,1.2. 
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